Brief Communications and Case Reports 81 5 Fulton RE, Doane FW, Macpherson LW: The fine structure of equine papilloma virus. J Ultrastruct Res 30:328-343, 1970 6 Haines DM, Chelack BJ: Technical considerations for developing enzyme immunohistochemical staining procedures on formalin-fixed paraffin embedded tissues for diagnostic pathology. J Vet Diagn Invest 3: 101-112, 1991 7 Junge RE, Sundberg JP, Lancaster WD: Papillomas and squamous cell carcinomas of horses, J Am Vet Med Assoc 185:656-659, 1984 8 Muller GH, Kirk RW, Scott DW: Cutaneous papillo-
Reports of Schwannomas in cattle indicate that these tumors are usually multiple and are found most commonly in the thoracic cavity.l.UX In this study, we present a case of a solitary Schwan noma in a bovine cecum that had unusual morphologic features.
A solitary spherical tumor, approximately 2 ern in diameter, was detected in the submucosa of the cecum of a 5-year-old Holstein-Friesian cow (Fig. I) . The tumor was elastic and firm, well-demarcated, but not clearly encapsulated, and had a white-gray cut-surface with foci of myxomatous degeneration and hemorrhage. No other gross lesions were observed at necropsy, and the central nervous system was normal. The tumor was fixed in 10% neutral buffered formalin. Dissected tumorous tissues were dehydrated, embedded in paraffin, sectioned at 5 J.lm, and then stained with hematoxylin and eosin for routine evaluation.
Microscopically, the tumor appeared to have originated from the inner circular smooth muscle layer of the cecum and it extended to the submucosa. The tumor had well-defined borders but was not encapsulated. It was composed in some areas ofloosely packed spindle cells and in other areas of densely packed spindle cells. The characteristic fasciculated arrangement of cells usually observed in Schwannomas was replaced by distinctive, whorled, neuroid structures of varied sizes and cellularity. These structures were reminiscent of nerve bundles or tactile corpuscles and revealed the concentric arrangement of the spindle cells (Fig. 2) . The spindle cells had oval to ellipsoid hyperchromatic nuclei ( Fig. 2 , inset). The number of spindle cells in mitosis was low. A mucoid material that stained with alcian blue often was found in the intercellular slitlike spaces of the spindle cell whorls. Foci of cells that contained hemosiderin also were present. Some whorls contained nuclear palisading or Wagner-Meissner bodies (Fig. 3 ). In general, reticulin fibers haphazardly encircled spindle cells that formed the whorls. Continuity of the tumor with normal nerve fibers was not observed, and the tumor did not contain melanin pigments or argyrophilic granules.
The avidin biotin peroxidase complex method (StrAviGen B-SA Kit, BioGenex Laboratory, San Ramon, CA) was adopted from the procedures described by the manufacturer and from the original method." In order to identify antigenic markers on the tumor cells, rabbit anti-cow S-IOO protein (I: 800 in dilution, DAKOPATTS, Glostrup, Denmark), mouse anti-swine desmin (I : 200 in dilution, clone DE-R-II, DAKOPATTS, Denmark), and mouse anti-muscle actin (I : 9,000 in dilution, clone HHF-35, Enzo Diagnostics, New York, NY) were applied as primary antibodies. Sections, prepared as described above, were deparaffinized and their endogenous peroxidase activity in each section was quenched with 3% H,O, containing methanol. Sections were incubated sequentially in primary antibody, biotinylated goat anti-rabbit immunoglobulin antiserum or rabbit anti-mouse immunoglobulin antiserum, and peroxidase conjugated streptavidin for 90, 20, and 10 minutes, respectively. Peroxidase activity was visualized with diaminobenzidine-hydrogen peroxide solution. Normal nerve fibers and muscle cells were used as positive controls.
Immunostaining patterns of the tumor with anti-S-IOO protein antibody demonstrated that spindle cells in the whorls were stained much stronger and more intensely than those of tumors in the other areas ( Fig. 4 ). Immunoreactivity with anti-S-100 protein antibody usually was detected in the cytoplasm, occasionally in both the nucleus and cytoplasm, but rarely only in the nucleus. In normal bovine nerve fibers, S-IOO protein immunoreactivity was detected in Schwann cells but not in the perineurial and endoneurial cells. There was no immunoreactivity ofanti-desmin or anti-muscle actin antibodies in the tumors.
For ultrastructural evaluation, small pieces of the forma- lin-fixed tumorous tissues were further fixed with 3% glutaraldehyde and I% osmium tetroxide solutions. Subsequently, these tissues were dehydrated and embedded in epoxy resin. Ultrathin sections were stained with uranyl acetate and lead citrate and examined with an H-300 type Hitachi microscope at 75 kV. The spindle cells in the whorls had thin cytoplasmic processes and individual cells whorled around each other in a concentric fashion ( Fig. 5) . A basal lamina ( Fig. 5 , upper inset) and intercellular junctions ( Fig. 5 , lower inset) were present but inconspicuous. These findings were compatible with ultrastructural characteristics of Schwannomas.'
Based on morphologic, immunohistochemical, and ultrastructural findings, the tumor was diagnosed as a Schwannoma.
Schwannomas, observed most commonly in cattle, are often multiple and affect most commonly the intrathoracic nerves. '.3.7.8 In this case, the tumor was solitary and occurred in the intestinal tract. In addition, such usually common findings in bovine Schwannoma-t-' as nerve fibers in the tumor, vascular hyalinization, and infiltrates of mast cells and lymphocytes were not observed in this tumor. The whorl formation described in this solitary Schwannoma is unusual for bovine Schwannomas but is a characteristic feature of Schwannomas reported in dogs.'
Tumors of Schwann cell, smooth muscle cell, fibroblast, or pericyte origin may have similar histologic features and, therefore, are often difficult to classify precisely in to one of these four tumor types on the basis of morphologic findings alone.' In addition, whorled nodules, as described in the present case, may resemble the morphologic pattern of some meningiomas;' however, tumors were not observed in the central nervous system of this cow.
S-IOO protein is a highly acidic protein, first isolated from bovine brain extract. To date, S-l 00 protein has been identified in a variety ofcell types, although its biological function Human tumors of the nerve sheath are dividied into two entities: Schwannoma and neurofibroma. In domestic animals, especially in cattle, nerve sheath tumors generally have the characteristics of both Schwannomas and neurofibromas. On this basis, some authors suggest that histologic variants of nerve sheath tumors should be classified under one entity, namely Schwannoma.t-v'-We agree with this suggestion. When this bovine Schwan noma was evaluated with criteria used to classify human nerve sheath tumors, the spindle cell areas in this bovine tumor resembled neurofibroma and the whorls resembled Schwannoma.
Neurofibromas are said to be composed of a mixture of Schwarm cells, perineurial cells, and endoneurial cells, The population of each of these three cell types may vary from tumor to tumor and between areas within the same tumor. 10 Among these three types of cells, only Schwann cells are S-IOO positive, In our case, morphologic transitions were observed from neurofibromatous to Schwannomatous tissue, and these transitions correlated qualitatively with the immunostaining patterns for anti-S-I 00 protein antibody. Neurofibromatous areas may contain scattered S-l 00 protein immunostained spindle cells. One of the theories of the histogenesis of Schwannomas suggested that neurofibroma-tous tissues may differentiate into Schwannomas, I Our immunohistochemical study on S-I 00 protein supports this hypothesis.
When compared with bovine Schwannomas reported previously, this case is distinctive because of its location and growth pattern, S-I 00 protein-immunoreactivity, and ultrastructural characteristics.
